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(54) Device and method for driving liquid crystal diapiay with precharge pf display data lines 



(57) A gate line driver (34) sequentially applies the 
gate voltage to a number of gate lines G1 - Gm by pre- 
determined duration. Data lines are grouped, into fqui*; 
groups each consisting of n lines '(d1 A - dnA: group A,' 
d1 B - dnB: group B. d1 C - dnC: group C, and dl D - dnD: 
group D). A data line driver (40) and a multiplexer (38) 
sequentially peri'prm for tii.e data line groups A - D in the 
above predetermined duration-application of data volt- 
age to each data line in a predetermined data line group. 
A precharge controller (44) and a voltage switching cir- 
cuit (46) apply to each of the data line groups A - D, 
through a transistor (42), a precharge voltage (+V^ or 
-V^) with the same polarity with that of data voltage be- 
ing applied next time during the time from previous ap- 
plication of the data voltage to next application of it. 
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Description 

. : • '» ' :- . .... •. 

Field of the invention 

The present invention relates to a device and nneth- 
od for driving a liquid crystal display, and, more pafticur . 
larty, to a method for driving a liquid crystai.display hay-, 
ing display cells each of which consists of a switching 
element connected to a data line and a gate line, a pair 
of electrodes oppositely disposed with a predetermined 
spacing, a liquid crystal disposed between the pair of 
electrodes and a driver for a liquid .crystal display to 
which the driving method can be applied. .. 

Background art 

A liquid crystal display (LCD) is conventionally^ 
known as a display for displaying characters or images 
such as graphics on an information processing device 
such as a personal computer. An active matrix driven. 
LCD which is composed by arranging switching ele- 
ments such as thin film transistors (TFT) in a matrix is 
particularly promising as a display replacing a CRT be- 
cause It can control intensity of pixels and is also suitar.^ 
ble tor display of dynamic images with fast nriovement.: 
and for color images. In a TFT LCD, a number of display . 
cells are arranged in a.matrix;.Each; display cell com-, 
prises a pair of TFT and an electrode provided pn a pair 
of opposed substrates, a transparent cornmpn eleptrode. 
formed over the entire surface of another.. substrate^, 
(transparent: substrate) and. liquid crystal sealed be- 
tween the pair of substrates. The former substrate ,is^^ 
provided with a numbei; of gate lines for turning on the 
TFTs by row, and a- number of data lines for apply ifig , 
voltage on the liquid. crystal through the TFTs. which are, 
turned on. , . .. . . . 

A driving device ;for TFT LCD applies a voltage to 
the gate lines for a predetermined duration as shown In , 
Figure 10 (A) to sequentially. tum on the TFT of ^ch 
display cell, .and applies on each data line a voltage with 
intensity corresponding to a gradation value toJbe dis.-- 
played on a display cell fpr which the TpT.is. turned on^ 
(data voltage) (see Figure. 10 (B)).- When the TFT is 
turned on and a data voltage is applied to the data line, . 
the liquid.crystal of each display cell yaries its light trans- 
mittance according to jnterisity of the, voltage,- and ac^^ 
cgnnutates charges between the pair of electrodes. After 
the TFT is turned oiff, the.accurnulated charges maintain 
the state where the tighttransmittance js varied (see Fig- 
ure 10 (C)). This causes an image to be displayed on 
the LCD. In addition, the life of liquid crystal is shortened 
if voltage with the same polarity continues to be applied. 
Thus, it is intended to extend the life of liquid crystal in 
such a manner that the liquid crystal is driven by revers- 
ing the polarity of data voltage, for example, every one 
line or one frame to reverse the data voltage applied to 
each display cell every time through utilization of the fact 
that the light transmittance of liquid crystals becomes 



egual'eyen if^the polarity differs as jong as the. absolute' 
" value of applied voltage is sarrie. ' ! , 

As a driver (a part of the driving device) for driving 
the data line of LCD, it is concirnpn to use a driy,er which 
5 . has driving circuits for applying ciata voltage to the data 
line$ in iha same^.pumber as the data lines. Hpwever, 
when a very large number of data. lines (for exarnple, 
1,000 lines) are provided to attain an LCD.vyith a large 
surface area and. high definitiop, whichjs an irriportant 

10 challenge in the development of LCD, there arises a. 
problem ttiat the driver becomes very expensive be- 
cause a yery. large number of driving circuits are neces- 
sary (for example, four driver ICs having 250 output ter-, 
minals (250 driving circuits) are necessary to be provid- 
ed to drive 1 .000 data lines). In addition, when the pitch 
of LCD display cells Is reduced to attain high definition 
of the LCD. this causes. to reduce the pitch pf data lines, 
as welL For example, if it is reduced to about 1 5 microns, 
it physjcally becomes very difficult to mount the driver 

20^ ICS.' .... [j ..^ ^ * 

. ;^As a technique to^oyercome^the above problems, it 
has been proposed to perforrp so-called multiplex driv- 
ing whereir^ a driver hay ing[ driving circuits of 1/n (n being 
an integer). Jn, the number of data lines is provided, and 

2S a muitjplpxier is provided for selectively connecting the 
drivjBr to any one of n s,ets of data line groups so that tlie 
driver. and multiplexer sequentially drives n sets of data 
line groups. Jn multiplex driving, because the number of 
driving circuits <ian be less than that of data lines, it Is 

50 possible- to achieve, ajow cost driver and mounting of 
the driver ICs can be relatively easy even if the pitch of 
datf lines is s.maJK • . 

rrihipvyever, in multipjex driving, if the display cycle for 
a^n irnage (cycles of vertical, and horizontal synchroniz- 
es., ing signals) is.constant, the time interval when the data 
vpljage .is applied to each of data line group is shortened 
as the ratio n. of .the nurnber of data jines to the number 
otrdriving circuits (calledthe "multiplex ratio n") becomes 
largerj^ For exarDpie, as shovvn-ln .FJgure 10 (D), when 

^. the,data lines are divided Intp Jour data line groups of A 
- p, ,and the data voltage is sequentialtyi applied to dis- 
play cells connected to each data line group, the dura- 
tion to* apply ,the data voltage tp each display cell be- 
cprpes 1/4 of the. case where the multiplex driving is not 

4.5 p^p(Tned. This makes, as shown in Figure .10 (E), the^ 
duration insufficient to apply the data voltage (insuffi- 
cient duration of. appljcation being represented by t^), 
and the voltage between the electrodes fails to reach 
the^predet^rmined value corresponding^to the applied 

5P data voltage (insufficient, voltage .between the.elecr. 
trodes being represented by,V^) so that gradation pro- 
vided by the light transmittance of liquid crystal pf each 
dIspJaycell does not match the gradation.to be displayed 
on each display cell, and thus the quality of displayed 

55 image is deteriorated. 

Therefore, in conventional multiplex driving, it is 
common to provide a multiplex ratio, of about 2 (the 
number of driving circuits being 1^ of the number of da- 
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ta lines). This is because it is difTicutt to increase the 
multiplex ratio n in view of the reason described above. 

The present Invention is made in view of the ab>QV§ 
facts, and is intended to obtain a device and method foV** 
driving a liquid crystal display which can display an im- 
a^e'aVhigh'qu^iity evdn if the'd.LK^at^b;n'*t6'ki^p^^^ iSara' 
voltage is short. " '''' ' ^ " 

Disclosure of the invention ; :i i • . 

To attain the abdvebbject, a device for driving a liq- 
uid crystal display according to the present invention Is 
a driV'ing device, for dhving a 'liquid crystal*- display In 
which^a'tiuniber of data Hhes and a number of gate lines 
are^rrangedto intersect with each other, and respective 
display cells are positioried at the intersections of the 
data- and gate-'" lines,' 'the/ display cell consisting of a 
switchth^ -element cohri'ected-tb a data' line and a gate 
line; a palr :of electrodes oppositely positioned with'a 
predetermined spacing; and' liquid crystal' disposed be- 
tween the pair of electrodes, the'driving device cofnp'ris-' 
ing gate line driving means connected to a number of * 
the gate lines,- and for apptylng'a voltage to the gate llrtes * 
to tum on for a predetermined duratibh the switching 'el- * 
ement of tlie display cell connected to the gate line, data ' 
line driving means cohhected tb"'a number of'tiie data 
lines, and for applying a data voltage to the data'^linbs 
for the predetermined duration tob'hange the voltage 
tween the electrode pafr of the display cell cohndcteci to 
the gate line to which the voltage'is applie/d by thW'Qate • 
line driving means to a predetermined voltagerahd-pb--' 
tentiai control - means '-for 'controlling' potential dn^^'a-' 
number of the data lines so that, before the data voltage- 
is applied by the data line (driving rineans; the^'potehtidi 
on the data^ lihe is close to the data voltage being^ap^^! 
^lied. ' ' • - i: ' i •.. .1 :. s c-" t-.'A'i 

In the above arrangement, the d^ta voltage- is 'Sp--' 
plied to the data line by the data line driving tneans'ln a 
State where the voltage is' applied ta the' gate nn&'%(hd-' 
the switching elerhent of respective display cells cb^-' 
nected'to the g^te line is turnedbn. As the data vbltaget^- 
is applied, a current flows through the data line so that^ 
the voltage between thd'electrbde pdir of thedtsplay 6^il - 
to which the data -line Is " connected arid the switcHin^j'* 
element of which' is turned on is changed to a prebeter-' 
mined voltage. Here; the time from starting of applica- 
tion of data voltage tdbhahge of voltage between the^ 
electrode pair to the predetermined voltage is affected' 
by capacitance between the electrode pair and capaci- 
tance contained 'in the data line. In this case, generally,^'', 
the capacitance of the data line has higher electrostatic 
capacity than that between the electrode ' pair; and'^is-' 
more IrifluentialV - • * • ' ' . ■' •*• 

Thus/the present Inveritibh controls potential bn-a- 
number of data lines with the potential control nriekns sb^ 
that the potential on thia data line closes to the data volt- . 
age being applied before the data- voltage Is 'applied to 
the dataline. Then, when the data" voltage is applied to' 



each data line, at least each data line would have po- 
tential at a value close to the data voltage being applied 
. . ^^ext,Xhus, the time is shortened from starting of appli- 
* '^^ c^ioh bf the data voltage to the time when the voltage 
s between the electrode pair of the display cell reaches 
the predetermined voltage. • . 

Accordingly, even if the duration Is short for the ap- 
• plication of data voltage to each data'Une, the'voltage 
between the electrode pair reaches the predetemrtined 
70 voltageb6rresipbndirig tath^'mignitude of applied data 
voltag^ ^'that the light tr^nsnfiittance of the liquid crystal 
of each display cell;can be caused to match that corre- 
sponding io the valiie of gradation to be displayed on 
each display ceH. Thus, an Image cah be displayed with 
'5 high-quality even ff the duration of application of data 
voltage is short. * - * ' 

In addition, the present invention- is the" above driv-^ 
ing device, wherefri a number of the data lines consists ' 
of a plurality of data line groups, and the data line driving 
20 means sequentially applies a data voltage to the data- 
line in each data line group in the predetermined dura? 
tioh/* ' •■ • '* 

•■" ThS above arrangement i could perform multiplex 
driving in which the data voltage is sequehtially applied 
26 to a number of datd lines in each of data line groups. As ' 
described above, since, according to the present Inven- 
tibnV aff' Image can be displayed at high quality even if 
the duration of data voltage application is short, the im- 
age can'bie displayed at high quality even when the mul- 
30" tiplex ratio is increased, that is, even when the number . 
of data lines constituting, each data line group Is re- 
duced, and the number of data line groups is increased 
(this shortens the duration of data voltage application)! * 
lri adcHtloh; 'sthce the number bf data lines constituting 
35 each data line group can be reduced, it is easily attained ' 
to increase the size and definition of a liquid crystahdis- 

* Furthernibre, more particularly, the potential control ' 
means'contrbis the potential on the data line so that the' 

"^0 voltage t)etwefen^the electrbde'pair becomes a value 
sufficient to change to the predetermined voltage whfle 
the data'Une'drivIng means ap'pli'es the data voltage to 
th]^=data'llne:;- " 

Furthermore-'the potential cbhtrbrmeans may con- 

^5" trol the potential bh-th^ data' line so 'that, for example!' 
the potentialoh the data line Becomes the average value - 
of %e - data- voltage applied ■ by the> tlata line driving . 
means or the minimum kbsolute. value of the data volt-'' 
agei;' -.-i^' ^' - ' • -^i; • 

so Furthermore;' the'' pre^bnt ihviintiori fe- the above 
driving device!' wherein the^datd'llne arlvirig means ap- * 
plies to parts of data lines a' voltage wrt a' polarity dif-- 
fer eht f rom that tbtWe •remaining bata' lines." and the po- * 
tehtiat control meahs controls' the' pbtehtial on the data*' 

ss- lines 'by electrically cbHAecting the data lines applied 
with voltages' withdrff ereht polarities as the data voltage. ' 

^ When data voltages with different polarities are ap- 
plied to a paii' of data-lines, they have potentials with 
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polarities different each other, ^e re, if both, data lines 
are .electrically connecj^d, a, qJrr^qt Jlc\y.s. to equalize 
the potential on both data lines (charges being* moved) 
so that the potential on both data lines can be'equalized 
without consuming electric power. Therefore, in a case 
where data voltage [s .applied to* each pf a ^number of 
data lines in such a manner that the polarity of data volt- 
age being applied is reversed. every time, the potential 
on the data line can be made close to the data voltage 
applied next time without consuming electric power by 
electrically connecting the data lines to which voltages 
with polarities different each other is applied as th^ data 
voltage so that the power consumption can be reduced. 

In driving the liquid crystal display, It is typical to re- 
verse the polarity of voltage applied to each display cell 
of the liquid crystal display every time. Thus, in a case 
where parts of the data lines are applied with a voltage 
with polarity different from t,hat for remaining data, lines 
as the data voltage, and the polarities of data voltages 
applied to the. parts of data lines^and the remaining data 
lines are changed in. such a manner that the polarity of 
voltage applied to each display cell is reversed every 
tirne, if the data lines applied with voltages with polarity 
different each other as the data voltage are electrically 
connected as described above while a voltage Is being 
applied to a gate line connected to a display cell In which 
the voltage between the^ electrode pair is changed by a 
data voltage being applied to the data line next time, 
then current is caused to flow to equalize theivoltage 
between the electrode pair of each display cell so that 
the voltage between the electrode pair of-^each-display: 
cell can be of a value close to the data voltage' applied' 
next time without consuming electrical power. , There- 
fore, the power consumption can be further reduced. 

In addition, the potential control means may control 
each pt a number of data lines during the tirne from when 
the data line driving mean$ applies the data voltage to 
the data line previous.time to wtaeo^it. applies. the. data, 
voltage next time. . . ip- ; .-.^^ ^, 
Furthermore, the present invention;; is. the abovi^. 
driving device, wherein tjie-potential control niearvs. con- 
trols the. potential pn the data line during ther^tinjie when, 
a voltage is being applied to the gate line connected to 
adisplay cell in .which the yojtage. between the electrode 
pair is changedJpy the j:iata,vollage,&ppiijSc!,to the dat^i 
line next time.. ; /....vcM; ..^ • 

». The control of, potential .op the. data -line , according 
to the present invention may.be perf^rqied while ^yoft- 
age is not being applied io aqysgate Jin.e. -Hpwever, ;as 
described above, if the potential on 'the data line is con- 
trolled while a voltage. is. being appljed.ta tfj^e gate line 
connected to a display ce|l in whichithe voltage between 
the electrode patr is changed by the d^ta voltage applied 
to the data line next time, the voltage betvyeen the elec- 
trode pair of the display cell connected to the gate line 
also approaches to the data voltage applied next time 
as the potential on the data line is controlled so that it is 
possible to further shorten the time from starting of ap- 



plicaygn pf yPl^S^r^P when the vpltage be- 

tw,^§n.th,e^e|ecti:odB pair.change.^ to a value correspond: 
ing.tp th^^jOf gradation to^ be. displayed on the display 
cejj. Thu^!, the duration of data voltage application can 
5 be further shortened. . . 

Furthermore^ according to. the present Invention, 
the potential control means may comprise potential 
changing means for changing the potential on the data 
line, a number of switching means provided between the 
10 potential. changing means and a. number of the data 
lines, and , ON/OFF control means for controlling tumihg 
on/off of a number of the switching means, j .. ^ 

Furthermore, a method for driving a liquidxrystal 
display according. to the present invention is a driving 

^5 method .for driving a liquid crystal display in which a 
number of data lines and a number of gate lines are ar-. 
ranged .to- intersect -with each other, and respective dis- 
play cells are positioned at the intersections of the data 
and^gate lioes, the display cell consisting of a switching 

20 element connected to a data line and a gate line, .a pair 
of -.electrodes oppositely .positioned with a predeter- 
n;\inedspacing, and.liquid.crystal disposed .between the 
pair of electrodes, the.drlyifig metl;>od comprising steps 
^l§9R'y>"9 a Yoltage.to the^gate iir>e&>tp turn on for a 

^€ ereclQteriiain^dduration the switching element of the dis- 
play, ceU-cbn.nected.to the gate line, apply ing a data volt- 
age .tpthe data line within the predetermined duration 
tO: change a voltage between ;the electrode paircof the 
display cell , to a predetermined voltage, andpontrolling 
t^potenti^hpn the, data line sp as to close ^to the data 
vpltage being applled.pripr to the data voltage applrca- 
tipr>:StGpr whereby the contrpi step allows to shorten the 
tjrp^irom when-the data.yoltjage is applied to when the 
vpltage between the.. elect rode pair of the display cell 

35 reaches the predetermined voltage. 

Thus, as in the above, even when the duration is 
short in applying the data vpltage -to each . data line, be- 
cause the voltage between the^^eiectrode pair of the dis- 
play nselL reaches a predetermined voltage correspond- 

^. Ing^tp-the magnitude of the applied data voltage allowing 
the light transmission of the liquid crystal of each display 
cell to match the light transmission corresponding to the 
yakje of gradation to-be displayed on each display cell. 
Thus, apjimage can be displayed at high quality eyen if 

45. the duration of application of data voltage Is short. 

In addition,- the present .invention-Is the above.driv- 
ing method, wherein a number of the data lines consists 
of^plurallty^of -data line groups, and the data voltage 
applicatipn stepsequentiallyapplies.the data voltage by 

50 the.data line group within the predetermined duration for 
each data. line group. . , 

..As described above; sjnce, accordif;ig to the present 
ir^vention, an image -can- be displayed at high quality 
even if the duration of data voltage application is short, 

55 the image can be displayed at high quality even when 
the multiplex ratio is increased, that is, even when the 
number of data lines constituting each data line group 
is reduced, and the number of data line groups is in- 
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creased (this shortens the duration of data voltage ap- 
plication). In addition, since the number of data lines 
constituting each data line .group can be reduced, Jt Is 
easily attained to increase' the size and definition of *a" 
liquid crystal display. 

■ More^particularly, the contrdl step nr»ay bbntrol the 
potential on th'ei data line so that the voltage between 
the electrode pair becbrnes'a value sufficient to change 
to the predeterrnined voltage' while the data voltag^ is 
applied in the data voltage application step. ' . ' 

Furthermore, the control step may control" Ihe po- 
tential on the data line so that? for example/the potential 
on the data line bdcomes^the average value or the mih- 
imum absolute value or tHe'data voltage. ' ' 
-i - Furthermore. • the present 'invention is the above 
driving 'mbthod. wherein the' -dala voltage application 
step applies to parts'ot data lines a voltage with polarity 
'ditferenVfrom that on the remaining data' lines, and the 
control step controls the.potehtial^bn the data Hnb by 
electrically, connecting the data lines applied with'Volt- 
ages wKh polarities different ^ach other as this'idata volt- 
age. Thus, as'inthe above, the potential 9nrth&daMlihe\ 
can be made close to the data voltage applied n^ tlhi'e 
without consuming electric powisr so that thepowerborv 
sumption can be reduced. • ' • • ■ ''^ ' • ' 

= Furthermore, the' control step rr.ay be perfbrrhed 
during the time froni^the 'application of data voliagerib 
the data voltage previous time to the n ext -application. - 

• Furthermore, the present Tnvehtioh is -tfie-' above 
driving method, wherein the control step i^^perforfned 
while a voltage is being applied to the gate line connect^: 
ed to a display cell in Which the voltage bistweeiri ^h'e 
electrode p§tr is changed by the daia voltage applied Xd 
the data line next time. Thus, it is possible to further 
shorten the time from* starting of application of the data' 
voltage to when the voltage between the electrode pair 
of the display cell changes to a'Value^correspohdihg'id 
that of gradation to be dispfeyed-on thiB display'cell so 
that the duration of datia voltage application can be tiTr- 
ther shortened. ' ' ■ ' ' ' "'^ '^ -"^ 

Brief Description of -the D.-isLWIrigs : ' • . . ' - 

The invention will how be described, by way of "ex-* 
ample only, with reforehcef^to the accompanyjng'draw^* 
ings, in which: : i"*' --'^ •'• ••* 

Figuire 1 is a schematic diagram of thi&arrangeitiehi 
- * -of an LCD unit according to a first embodiment; - = 

• Figure 2 is a sectional view of an LCD; '^-^ 

-Figure 3 is a timing chart in which* (A) and (B) show* 
changes of gate voltage and -data voltage,* ''(G) 

• 'shbws an example *6f'' application timirlg of pre^' 
charge voltage according to the first embodiment;' 
(D) shows - changes of Voltage between the elec- 

• • trode pair of a display cell in the first embodiment, 
; .-. :. . ■ • ■/ .-.r^ . w . • . 

, f .• \, : .• V.'' 5 ' I ■ '. ) ' I 1-' 



and (E) shows changes of voltage between the 
electrode pair of a display cell in the second embod- 
- . .trnent; . 

s Figure 4 is a conceptiopal diagram in which (A) to 
' ' (D) show Variations orcnanglng-over of polarity of 
~ ' daia vbltage'^^^lid'd' tB respective disp^y ci^its* of 

:thf6'Lcb; '^1^^ * " ' * ' ; ' ';' ' 

io ' ' FlgCiVe 5 is a scherrCatfc arrangement of an LCD unit 
' according to* the sec6hd embodiment;' 

Figure 6 is'^a scheniktic arrangement of an LCD unit 
according to the third eriibodimeni; 

IS • - - / 

Figure 7 is a schematic arrahgement of an LCD unit 
according 'to the fourtihembodirhent; ' • 

•Figure 8 is a conceptlonal diagram in which (A) il- 
20 lustrates how electrical power is uselessly con- 
sumed as the data voltage is'applied by a conven- 
tional driving method, arid (B) illustrates the opera- 
tion of tWe fourth embddiment; ' ' 

'25 ^= Figure 9 (A) and (B) are diagrams showing the re- 
suits of simufations conducted by the inventors; and 

<* Figure 10 is a^iming chart in which (A) shows 
. changes of gate voltage, (B) and (C) show changes 
so 6f data voltage and voltage between the electrode 
pair when iriultiplex driving is not performed, and 
*• (D) and (E) show changes'of data voltage and volt; 
■ • age between the electrode pair when multiplexdriv- 
' ' Ing is? performed. ' • ' ' • " * ' ■ ' 

Detailed Description of the Invention 

First embodiment * * - ' " ■ ' 

40 Figure 1 shows a liquid crystal display unit (LCD 
unit).30accofding to this embodiment. The LCD unit 30 
comprises a driving device 32 as th'e driver for the liquid ' 
crystal display according id the present inverition, and' 
a reflective type liquid crystal display (LCD)' 10 as the . 

45 liquid crystal display? • • - ' 

' - As shown in Figure 2,'the LCD TO comprises a pair' 
6f"6ubstrates '1 4 and 1 6 (the substrate' 1 6 being ti-ahs- 
parent) oppositely disposed with a predetermihed spac- 
ing by the spacer 1 2; between WHich' liquid crystal 18 iis 

50 sealed. A'trahspareritele'ctrdde S^ fohmed bh'th'e en- 
tire surface of the side of substrate 16 contacting 'the' 
liquid crystal 18. Formed on the 'surface of substrate 14 
contacting the" liquid^ crystal 18' ife a crystalline^'^llicone- 
layer on which a *number;of thin fftm transistors- (TFTs) 

55 24 are formed in a'fnatrix (see Figure 2). An electrode . 
22 is prbvidedih correspondence to each of TFTs'24. 

■ ' Figure 1' shows Ihe circuit for LCD 10 in a simplified 
forrri.rWhile illustration 'is omitted, the electrodes 22 are 
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connected to the>ourcepf i;espectiyeJFTs"24, and the cuX^SJs connected to the LCD contrpllef. 36, ,and sup-, 

liquid crystal 18 is .held between the electrode, 22 and plied ,vyith precharge voltages rfV,! ano'^V^'. Jhe voltage', 

the transparent electripde 20. In Figure l , the liquid crys- switching circuit 46. appnes.the precharge voltages +y,, 

tal 18, the electrode 22, and the transparerit electrode and -Vi to'the drairi of the transistor according to an In-' 

20 for ^ sjngle picture element ?re sphernaiti^ s structlpn from the LCD, controller 36. The transistor 

, by using the syrnbol for capacitor and with th^ reference groups'42A, 42B, 42C, 42D, the precharge,controller 44, 

"18" for the liquid crystal. The liquld^rystaL IS corre- the voltage switching circuit 46, and the LCD controller 

sponding to a single pictgre element constitijies a dis- 36. correspond to the potential control means , of the 

play cell of the present invention together with the elec- present^ invention. Jhe.yoltage.switching circuit 46 cor- 

trode 22, the transparent electrode 20, and the TFT 24. io responds to the potential changing means of the present 

The transparent electrode 20j,s connected to a common Invention.^, , . ... . \.. 

terrhin^l 2^. In the embodiment, the common terminal the prechargeTvoitage +Vi may be a value of one-. 

26 is grounded to rpake the potential of transparent elec- half of the maximum value of data voltage which is de 

trode 20. constant (ground potential). c- ■ ^ scribed later; and the precharge voltage -V^ may be a 

The LCD 10 has, m gate lines G,1. - Gm extending. value of one-half of the minimum value of data voltage, 

along a predetermined direction 'toward the sulpstrate As-an example, if the.maximum value of data voltage is, 

1 4. A gate of respective. TFTs. 24 is connected to any . +2.5 .V, ;and, the rninimum ;.value is -2.5 V. the precharge ' 

one of the gate lines G1 - Gm,, Each of gate lines G1 -. voltage +V, = +1.25 V, -y^ ='-1.25 V, (ttiat is. average 

Gm is connected to a.gate Jirie driver 34 as gate/(ine values of appliedrdata voltage). Altlibugh the voltage 

driving means, which is then connected to ati LCD.con- 2p sw^itching circuit 46 is schematically showri as a switch 

troller36. irifiigurel, it actually includes a switching element such 

. Provided on the side of substrate 14 of the LCD 10 as a transistor. . v:. » ir -'■ i \\- ■ r -^r . 

are 4 X n data lines d1 A r dnA. .d1 - dnB, d1 C-- dnC,,. ^yNow. ,the operation of the first .embodiment is ex- 

and d1 D -.driD extending in a direction. intersecting the., plained. .When an image is displayed on the LCD 10. the 

gate lines G1 - Gm. A drain of respective TFTs 24 Is- 25- LCD controller 36 controls the operation of the gate line- 

connected to.any-.one of the data lines. The data lines drlyer 34 in such a manner that any one of .m gate lines 

are grouped into four data line groups d1 A - dnAv(data:. G-l r,Gm i& applied for a predetermined duration with a 

line group A), dIB - dnB (data line group B), dip - dnC, gate-voltage turning on the.TFT 24 connected to that; 

(data line group C). and dID - dnO (data line group D). gateline, and the gate llno^applied-with the gatevoltage 

each of which consists of n data lines.- One end of eachft 30: ace sequentially-changed over t?y the predetermined du- 

data line is connected to,a multiplexer, 38;haying output, ratiqn.i The LCD contrpHer 36 sequentially outputs Jm- 

terminals ir\ the same number as.total. number , of data age>data representing gradation values to be displayed 

lines (4 x n). The multiplexer 38 lias n input terminals ; ori^ each display ce|l in a display cell array connected to 

each of . which is connected, to a data line driver. 40,^. the gate line applied .with the gate voltage to the data 

through respective signal lines d1 - dn.. The, data- linei. . 35-,. line.driver 40 in synchronization with the timing in which 

driver 40. and the multiplexer 3Q, correspond to the data ,. the,gat^ line driver 34 changes over the gate lines ap-. 

line driving means of the present inyentionv'The data line,. . pjied with^he gate voltage. /t.-;v \ -.r , ^ 

driver 40 and the multiplexer 38 are .connected to the . ..-.The data line driver 40 sequentially outputs image 

LCD controller 36: , ^ . - . *r -i data .for -n display cells connected .to a predetermined 

...The.other end of each data line is connected to the- 40^-- data line group from the input image data representing 

source of respective Iranslstors 42. In^he following, to. the gradation value to be displayed on each display cell, 

distinguish respective:transistors,n transistors connect-. t outputs yoltage with magnitude corresponding to the 

ed to the data line group A d1 A - dnA are called a "tran- : gradation value represented by the taken-out image da- 

sistor group 42A,^n transistors connected to the data ^ ta; (data voltage) to the multiplexer 38 through the signal 

line -group B dIB - dnB are. called a "transistor group s 45- lines-dl dn, and repeats these operations. Thus,, the- 

428," n transjstors^corinected .to the^data line group C..- data line driver 40 outputs the data voltage to be applied 

d1C - dnC are called a "transistor group 42C," and n to.the display cells connected to each data line group to 

transistors connected to the data line.group D d1 D-.dnD the^muJtip lexer 38 in an order f rom .the..data line group 

are called a "transistor group 420." The gate of each A. .The .multiplexer 38-appHes the data^ voltage output, 

trarisistor in the transistor groups 42 A, ^42B. 42C, and 50 from the data line driver 40 to respective data lines of- 

42D is .connected to a precharge controller .44 which is the corresponding data line group, p }-. 

connected to the LCD controller 36. Each trarisistor 42 . - Thus, also as shown in Figure 3 (B), the data voit- 

corresponds to .the switching means of thepresent in-. age is applied to the data line groups; A - D In this order . 

ventiori, and the precharge controller 44 corresponds to within the duration when the gate voltage is applied to * 

the ON/OFF control means of the present invention. ss a predetermined gate line. The data voltage is then ap- 

In addition, the drain of each transistor in the tran- plied between an electrode pair consisting of the elec- 

sistor groups 42A. 42B, 42C, and 42D is connected to trode 22 and the transparent electrode 20 of respective 

a voltage switching circuit 46. The voltage switching cir- . display cells for which TFT 24 is turned on. As de- 
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scribed, the driving device 32 according to this embod- (D). the voltage between the electrode pair of a display 

iment performs multiplex driving with multiplex ratb n = cell in which the TFT 24 is turned on reaches a value 

4 for the LCD 1 0. • . cor'2^P°^^''^9 voltage applied before the da- 

As for the polarrty of data voltage, it may be accept- '''"ta voitage application duration completes when corn- 
able to, as shown in Figure 4 (A), apply a data yoltage 5 pared with a case where no precharge is performed (see^ 
with the~^ame pofarity^to all tlisplay 'ctlls'^of'tiie^ Figure JO ('E))/Becaus^^ ligftt'trarismittanbe of th 
when displaying the' Image of a' frame, ah8 to" revers^ liquib'bVstar'fe disposed, between the electrode pair, 
the potarity of data voltage every bne"frame,' or to. as varies in accordance with the. voltage between thfe elec- ' 
showh^in Figure 4 (B); apply a' data voltage* with the trbde pair, the above. caijses the light trahsmittance of 
same polarity to an aifay of display cells connecied to io the liquid crystai' 18*to match that corresponding to the 
a same gate line when displaying the image of a frame; value 6f gradation to De displayed on the display cell/ 
to reverse the polarity of data voltage^ eyisry gate line/ This enables it to display an image at high quality eyen 
and, fbr thei next frame, to apply a data yoltage with p6- when'the multiplex ratio is high and the duration of ap- 
larity different from that of data voftage applied the pre- plication of the data yoltage is short for each display cell, 
vious time.td'each display cell array. • ' is While, in thVabdve, thejransisto^^ 

In addition, the LCD controller 36 changes over the group A'are turned on when the gate voltag^ is not ap- 

voltage switching circuit 46 in such a manner that, if the . plied to the gate line', it is not limited to such approach, 

polarity of data voltage applied to each data line through As shown in Figure 3 (A) with imaginary lines, it Js al- 

the data line driver40 and the multiplexer 38 is positive, lowed that the gate Voltage is applied to th6 gate line* 

the precharge voltage + V,' is applied to the drain of each 20 even when each transistor in the transistor group 42A 

transistor in the transistor groups*42A - 42D, and, if the*' is turned on by a^ancing the timirig to start 'application 

polarity of data voltage applied to each data Hne'is Weg- of the gate voitage to the gate line. Then, because, also 

ative, the precharge voltage -V^ is applied to the" dPain for each display cell connected to the data line groups 

of each transistor. That is; wheri'the polarity of data volt- A dl A - dnA connected to the transistor group 42 A, the 

age'is reversed every one image frame as shown in Fig-^ 25 voltage between the electrode pair would be caused to" 

ure 4 (A); the prechargie voltage is also switbhed" every* be substantially equal to the precharge voltage when the •r ^ 

one image frame, and when the polarity of data'voltag^ data voltage is applied, the time is more reduced from — 

is reversed every one ig^te tine as shown in Figu'rei 4 (B), the time^when it is started to apply the data voltage to 

the precharge 'Voltage is' also switched every bne gate-: the time when the voltage between the electrode pair * 

line. ■ ' ' ■*-*•■•' . •:• .sc. i.;....^ 30'' matches' the data voltage," which is preferable. - .-r 

Furthermore, the LCD controller » 36 -sequentially- ' ■ In addition; for the above approach; when the data' 

turns on the transistor groups 42A - 42D<ccnhected to^' voltage with positive polarity is applied, each data line . . 

the data line groups*5\ - D through the precharge 'Cbn-"~^ and the voltage between the electrode pair of each dis- jr>ir 

troller 44at.the timing shown in Figure 3 (C). - ' • : play cell applied with the datavoltage are +Vj, and when '-f 

Thus,- a precharge'.voftage (W,- orJ-V^) with- the^^^^ 3's the dataVoIlage with negative polarity is applied, the po- * 

same polarity as that of the data Voltage applied heVt • tentia! on the data line is -V., so that it becorfies possible . 

time is applied to a data line before application- of d^t&~^ to reduce the amplitude of data voltage to be driven by 

voltage by the data line groups A - D^'Therefdfe, if- the' ' the data lirie driver 40*(if it is assumed that the maxirhum ' 

data voltage -is ^applied through the data line driver^ 40'- value of 'the data voltage Is- +2:5 V, the minimum value 

and the multiplexer 38. the potential oh" each d^tanihe'* 40' is -2.5 V; and the precharge"' voltag'^ is ±1 .25 V,' the 

is changed to avalue substantially equal to the' applleki'' arhplitude can be made +2.5 V - 1 .25 V to -2.5 V +' 1'.25 

precharge voltage, or a value clo3e to the data Voltage ' V.'or +1:25 V'to - r.25V).'' ' 

applied next time (an average valud of data voltage be- ' ' Furtherrnofe; Although, in the above, the transistors 

ing applied if the range of- data voltage is' +2:5 'V---2:5^' in each of the transistor groups 42A - 42D are turned on' 

V, and the precharge voltage is Vl i25 V-dr -1.25 V).' ' 43' at differbhttiming with 6acHb1her,'H isnot limi^ 

. ' In addition , when the precharge voltage' is applied • • aj^proach^ For exarnpie; at fhe- timing for turning on the; 

tothe data line groups B - D, also as shown in FigiirS-Si' * transist6i''gr6ufy'^42A ais ^hbwri-in'Fi^u 3 ('C),'all tran^ 

( A) , because the gate voltage is applied to the gate lihe, :. sistors iri the trahsistor groups 42 A^ 42D may bfe'tiim^d 

and the TFT 24 of each display cell In thiB dispIaj^cGll • on. Also', -as described in the above,' it is heedless'to say 

array connected to the gate line is turned on; the'pre-' sb^ that the gate Voltage *is^pref^rabiyappfie^ to the'^te ■; 

charge voltage is applted between the electrode jpair^for ^ line as showri in-FigUrb 3'(Ay^1thMmaginary lines.' 

the display cell in the diSfDlayceirarrayconnefcted to any ' - ' '. ; * y- \'M'^\^.,v^\i' 1 c . -v . : . 

one of respective data lines in the data lihe'groups-B - - Second 'embbdlnSerit'-' : 

D.and the voltage betvveeri the elebtrodepairoi the dis- ' ^ • ^ --'i^'i Q-'o-'. •» - ' ' 

play cell 'substantially- matches Ihe precharge vdlla^e ' 55 ' ' Next, the second embbdiment of the present inven- ' 

when the data voltage is applied.*- - ♦ - .. tion is Explained. 'CornpforVe'rits 'sarne as or similar to 

• ' Therefore, when it is started to apply the data volt- those of the first enribbdirherrt are attached with the' 

age for each data line group, also as shown in Figure 3 same reference numerals and their description is omit- 
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ted. As shown in Figure, 5, 4tie voltage switching circuit 
46 is.ornltted from the driving device, 50 according to the 
second embodiment. The drain of each of transistors in 
the transistor groups 42A, 42B, 42C, and.42D is ground- 
ed through the terminal .48. In the second embodiment, s 
wiring connectirig the drain of each transistqr and the . 
grounding terminal corresponds to the potential control 
means of the present invention. , , ^ 

Next, the operation of the second embodiment is . 
explained. In the second embodiment, the data line driv- 
er 40 changes oyer the polarity.ot data voltage as shown 
in Figure 4 (B) to display an image on the LCD 1 0. The 
precharge controller.44 sequentially turns on the tran- 
sistor groups 42A ■^-420 connected to the data line 
groups A - D in this order, in the timing shown in Figure 
3 (C). When the polarity of data voltage is changed over 
as shown in Figure 4 (B), the polarity of data voltage 
applied on respective data lirie is . reversed every time. , 
However, when. each. transistor Jn the transistor groups 
42A - 42D Is turned on, the data line connected, to at 20. 
least the turned on transistor has the potential of zero 
volt (ground potential). Accordingly, the potential on , 
each data line when the data voltage is applied would . 
be a value closeto the data voltage being applied (more_j 
particularly, the maximum absolute value ,of> the data/ 25 
voltage to be allied). . .. . , : . .. V 

For the data line groups B - D, because the gate 
VQltage -is applied to the gate line when each transistor 
in, the transistor groups 428 - 42D, and.the TFf,T|24 of, 
each display cell In the display cell array connected to .. 50.. 
the gate line is turned on, the voltage be^tween the elec-. 
trode pair Is also rnade zero volt for the display cell con-, 
nected to any data line.of the, data lipe groups. B - D of., 
the display cell array. Since the polarity qf.data.vpltage 
applied to respective display cell is reversed eyery tlme, j 55,, 
the voltage between the ejectrqde pair of each,display, 
cell connected to the data line groups B D is changed . 
to a. value close to the data -value, being, applied-whep -, 
the data voltage Is applied through the data line driver 
40 and the multiplexer 38. 

Therefore, when it is started to,3pply the. data yolt-.v 
age to each data line group, also as shown in Figure 3 
(E),.the voltage betvyeen the electrode pair. of the. display 
eel) reaches a value, corresponding to the data voltage . 
prior to expiration of :ctetaypltage application. duration- 4S. 
earlier tban, the.Qprjventipnal ari:angernen.t,(|=i^re 1,0 r 
(E)). The . light' tran,smittance/of the Jiquid\crystal .18 of : 
the display cell also^Tlatches the light transmittance opr- 
responding to the gradation value to be. displayed on the • 
dispJay ceil. Thus, an Image. can be displayed at high . 5p-. 
quality even when, the multiplex ratio Is high^andthe du- 
ration of application of the data yqltage. is short for.each. 
displaycell, . .. ^. '. ,7 , ; 

Also in the second embodiment, at the timing for 
turning on the transistor group 42A as shown In Figure 55 
3 (C). all transistors In the transistor groups 42A - 42D 
may be tumed on. Also, the gate voltage is preferably 
applied to the gate tine as shown in Figure 3 (A) with 
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imaginary lines. •> 

. ]n addition, when.the polarity, o/. data, voltage is 
changed over by one-frame of irnage as shown in Figure 
4 (A) to display an image on theJLCD 10, because the 
data voltage with the same polarity Is applied to, each 
data line while one frame? of the image is displayed, the. 
potential on each data line when the data voltage Is ap- 
plied has the. same polarity as that of the .data voltage 
being applied,, except for the time when the data voltage 
is applied to the top dispiayxell array connected to the 
gate line G 1 . Thus, itjs not.preferable to turn on the tran- 
sistor" when thjB,gate yqlteige is not applied to any of the 
gate lines Gl ^ Gm as in the transistor group A to change 
only the.potential on the data line. 

Therefore, when an image Is displayed on the LCD 
10 by changing over the . polarity, of data voltage every 
one Image franne,.it is sufficient to turn on each transistor 
in the transistor groups 42A - 42D while the gate voltage 
is being applied to the gate line by advancing the timing 
to start application, of the gate voltage -to the gate line 
(se^quentially turning on each t.^-ansistpr in the transistor 
grpups ^2A -; 42p^at the timing ^shown in Figure 3 (C). 
or,tuminjg,'on a 11^ transistors. In the transistor .groups 42A 
-■^p at the.timing shovyn in Figure 3^ (C).yrtien the tran- 
sistor. group.42A is turned.on).. Thus, when the data volt- 
age is applied tp each display cell, .the. voltage between 
the; electrode pair of each display cell woujd be changed 
tOfOV, that Is, a value; close to the data voltage being 
applied,,. u . ^ •;• » - ... r r 

H AJthough t^e terminal 48 is grounded in the above;- 
instead the. terminal 48.may be applied with -a constant' 
vqlt^ge-jJ^qr example, when the maximum absolute val- 
ue pf^data voltage depends on the polarity of -data volt- 
age, it is possible to apply to the terminal 48 a voltage 
corresponding to.the average value of the maximum val- 
ue-pfddat^ voltage when the polarity is positive and the 
maximum.value of data voltage when the polarity is neg- 
ative (minimurn value of datayoltage); Thus, even when, 
the^^nriaximucn absolute valuaot datayoltage depends, 
on the polarity of data voltage, the time fronri starting the 
data voltage application to the data line until the voltage 
between the electrode pair of the display ceil reaches a 
value corresponding to the value of gradation to be dis- 
played, on the display cell can be..made constant regard- 
less^qf the polarity of data voltage being applied. ^, , 

Third e^mbodiment ,- . ^ ^ 

-:."Now,' the third embodiment of the present invention 
is^explained. Components same as or similar, , to. thqse. 
of the first embodiment-are attached wi^^ the same ref- 
erence numerals and their description is omitted. As 
shown in Figure 6, in .the driving device ,52 according to 
the third embodiment, the drains of transistors In the 
transistor groups 42A, 42B, 42C, and 42D the sources 
of which are connected to the respective odd-numbered 
data lines in the data line groups A, B, C. and D (that Is, 
data lines dIA. d3A, ... dIB. d3B. ... dIC. d3C. ... dID, 
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d3D. ...) are connected to a power supply line 54A, white 
the drains of transistors the sources of which are con- 
nected to the respective even-numbered data lines in . 
the data line groups A» B, C, and D (that is, d2A, 
d2B. d4B, ... d2C. d4C. ... d2D. d4D, ..:) are connected s 
to the power supply line 54B. - ""-'-'^''f^^^''' 

^" -Thepower supply' llnes'54A ahd'54B'are conhected 
to the voltage switchlngcirc'uit 46. The volta^e sWitcHing 
circuit '46 applies the precharge'voitage''+Vf or-'-V/'fo 
the power supply lines' 54A krSd 54B according tb ari in- io 
struction from the LCD controller' 36 /^However, the pci-- 
larities of the precharge voltage the voltage sMching 
circuit 46 applies to the power'suppty' lines 54A and 54B 
are different efeich other. Then, when the jirecharge volt- 
age is Applied to the power supply line 54A,^the pre- * is 
charge voltage -V^ isapplied'tb the power^tippl^ line' 
54B; and when the precharge voltage -V^ is'applied to-' 
the power supply line 54A,^he precharge' voltage +V^* is 
applied to the power Supply* line 54B. Ir^ the third etn- 
bodimentf the power supply lines S4A arid 54B, and the 20 
voltage switching circuit 46 correspond to the potential 
changing rheans of the preisent invention: • ■ . 

• Next, the' operation of thfrthird^emliddiment is* ex- 
plained. The data 'line driver -40laccdrdihg to the third ' 
embodimenf 'applies the data voltage with poi^rity -dif- * 25' 
ferent each other to the odd-numbered data lihes-^sfrid^ 
the even^nurhbered data'llines'in the data" line gioups A; 
B; C, and D (see Figure 4 (C)^or (D)).'Tiie polarity ofihe 
data voltage applied to' each data 'line may be reversed ' 
every one gate line as shown in Figure 4 (C),'6r reversed ' ^o- 
every one iniage frame as shown ih Figure 4'(D). ^ "^iy 

' ^' In addition, the LCD controller 36-changes bverthe^^ 
voltage switching circuit 46 In. such a rrianner that, if thei- 
polarity of the data voltage applied to the odd-numbe^exir 
data lines in the data line groups A, B, C. and D through 3S- 
the data line driver 40 and the mu Kip lexer 38 is posKive'* 
(that is, the* polarity of the* data Voltage applted 'td Ifie' 
even-numbered data lines* is negative), tlie precharge^' 
voltage +Vv is applied to the power supply ltne'54A" and 
the precharge voltage -Vi is applied tatlie power supply 40- 
line 54B, and that, if^the polarily of the data voltage ap--' 
plied to the odd-riumbered data lines is negatfve -(thaf' 
isv'-the polarity of the data voltage applied to' the 'even— 
numbered data lines is positive), the precharge voltage-^ 
-Vi is applied to the" power supply line 54 A and the'^p're- -^5* 
charge voltage +Vi is applied to the power supply llne^ 
54B. "^ s • - • - ■ - '' 

- ' That is. when the polarity of the data voltage applied 
to each data line lis- reversed every* one gate liner as 
shown in Figure 4 (C),. the operation of the vditagV si' 
switching circuit 46 is controlled in such a manner that 
the polarity of the precharge voltage applied to the poV?- 
er supply lines 54A and 548 is also changed over every 
one gate line; When' the polarity of the' data voltage 'ap- 
plied to -each data line is reversed every one irriage ' ss 
frarhe as shown in Figure 4 (B);'the bperation of the Volt- ; 
age switching circuit 46 is*c6ntrolled in such a manner"'- 
that the polarity-of the precharge voltage applied to the 



power supply lines 54A and 54B is also changed over 
every one image frame. In addition, the LCD controller 
^36 ^^uentially tums on the4ransistor groups 42 A - 42D 
•connebted to the data line gVbups A - D through the pre- 
charge controller 44 at the timing shown in Figure 3 (C). 

^"•'^'tHU^i'a's iri thefif^t^mTjiid.rmVht, the f)recharge volt;' 
age With'the same^sb^arhy as the' data VoHa'ge' appfied 
to 'each data line next time (+Vi -Vi Jls applied to each 
of th'e ijatai line''*grbiJps A 7 b. 'Th& potehtra'l on each data ' 
line wheW the data* Voltdg^' is applied Is changed to a 
valu4^cl6se'To the data voltagfe tieing applied (for exam- 
ple.' wheyi the data voltage ranges +2.5 V - -2.5 V, and' 
the precharge voltage is +1.25 V or -1.'25 y, 'a vklu6 
close'to the average value 6i the' data voltage* being ap- 
plieH), the precharge voltage is applied 'between the 
electrode pair for^ a display cell connected taany onepf 
data lined in the data line 'groups B - D, and, when the 
data voltage is afpp lied, the volt4'ge t^etvveen the elec-* 
trode pair of the displiayfcell becomes 'a value* substah- ' 
tia I ly matching the precharge voltage. ' 

Therefore, wheh it Is started to apply the data voltr 
age to each data line group,' also as shown in Figure 3 
(D), because the voltage between the electrode p^^r of * 
a display cell the TFT 24 of which is turned oh reaches 
a value corresponding ^o the data Voltage before the da- 
ta 'voltage application duration expires, and the light 
transrhittance of the' liquid crystal lS of the display cell 
virouid nhatch that of the value of gradaition to be dis- 
played dh the display cell. Thijs, an image can be dis- 
played at high quality even- when the multiplex ratio fs' 
high and the duration of application of the data voltage 
is shoil for each display cell. * * ' 

-Also in the third embodiment, as shown in Figure 3 
(A) with irttagihary lines, It may be possible that the gate, 
voitacje'is'applied to the gate line -even when each tran- 
sistor ihihe transistor^ group 42A i^ turned on by advanc- 
ing the tiniing' to start application of the gate voltage to* 
the gate lrhe.' It mhy be also possible that all transistors 
in the transistdr groups 42'A --42D are simultaneously 
turned on at the timing shown in Figure 3 (C) when the 
transistor' gi^oupM2A is turned on. In such case, it is ' 
naedless'to' say that the gate voltage is preferably ap- 
plied to the gate Hhe as shown ih^ Figure '3 (A) with' im- 
aginary line^. ■ ■ ' 

Fourth embbdinr.ent ' * " -* " " '" '^ * ' 

• Next, the fourth embodlrneht of the' present inven- - 
tion is explained. Components sairte' as or similar to 
those of- the third erVibbdirnerit/'are' attach with the 
same reference ridfrierals ahd thelf description is omit-' 
ted. As shown in Figure 7; the' voltage' 'sWitch in y circuit 
46 is bhfiitted ff-om the* d reiving device 56 according to the 
fbuiih'^ernbbdinrient. Tlte drarn's q iii the tran-- ' 

sistor groups 42A; •42B,' 42C, and 42D are grounded - 
through' the grbbhdihg'bdndudor '58. In the fourth* em- 
bodiment, the grounding conductor 58 corresponds to* ' 
the potential changing means of the present invention. 
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: . Next, th e op eration of. the f ou rth embodiment is .ex- 

plained. The data line driver 40 according to the fourth 
emljodiment applies, as in tJ;ie third embodiment, the da- 
ta voltage with polarity different each other to the odd-, 
numbered data lines and the even-numbered data^ lines s 
in the data line groups A, B, C, and 0. and reverses the 
polarity of data voltage applied to each data line by every 
one-gate line (see Figure 4 (C)). In.addition, the LCD 
controller 36 sequentially turns, on the transistor groups 
42A - 42D connected to the data line grpups A - D at the io 
timing shown. in. Figure 3 (C). . 

Since, in the fourth (embodiment, ypltages with dif- 
ferent polarities are applied to adjacent data lines as the 
data voltage, the adjacent data lines have potential vyith 
polarity different each other. Thus, when each transistor is 
in the transistor groups 42 A - 42D is turned on, charges 
move in the direction Indicated by an arrow in Figure 7. 
or opposite direction through . the. grounding conductor. 
58 so as to make the potential on the adjacent dat^ iines^ 
equally zero volt. When each transistor, in the transistor 20 
groups 42A - 42D is turned on, because the gate voltage- 
is applied to the gate line, the.TFT 24 of each display. . 
cell connected to the gate line is turned on, andicfor the 
display cell connected to. any one of .data lines in the 
data line groups B - D, charges move through..the: 25 
groufiding conductor 58 to make equally zero volt with 
the voltage between :the electrode pair of a pairrcf disr 
play cell connected to the adjacent datas lines, respec- 
tively, as shown inrFlgure 8 (B). ' ■ ^ . -r- :. . 

Figure 8 (B)- schematically shows the /transistor 42 30 
and the data line driver 40rr and the multiplexer. 38 is. 
omitted for illustration. - .- - . . . , . . o- 

It is typical to reverse eyery time.the potenti^l.Qf the; 
data voltage applied to respective display cellSvpf the 
LCD . 10. In the conventional driving method, as sche- 35. 
matically shovyn In Figure.8 (A), the display.celljtp which, 
the data voltage with positive. potential ts applied previ- 
ous time is caused to bave the yoltage b^tween the elec^^ 
trode pair of zero volt ag:the;.Gharges accumulated be^ 
tween. the electrode painflovys as a.discharge.current to^ 
the ground terminal/.when thefdataiyoltagie; is. applied 
next time so that the voltage between the electrode pair: 
is made zero volt. Further, the potential of the electrode 
pair becomes negative by.appl^ying the data voltage with 
negative .potential., In addition; , the display:.CQ!l to which 45 
the data voltage -with- negative pote^tiaJ is appHed prer 
vi6us:time has the, voltage between -the eleptrode pair 
of zero volt when Jhe . data, voltage wjth . positive . polarity 
is applied next time, and a chargirigoMr rent flows . until, 
the polarity qf the voltage, bet ween; the electrode pair 5a 
reaches a predetermined positive value.: Therefore, the 
charges accumulated between th^ electrpde pair ot the 
display cell to which the .data ^voltage is applied (and. 
charges accumulated in the data lines) are uselessly 
disposed. This is also true to the first to third, embodi- 5$ 
ment described above. 

On the contrary to the above, in the fourth embod- 
iment, by turning on each transistor in the transistor 
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grc^up^ 42^- 4ZD,, charges move through the, grounding 
conductor 58 so that the potential on the .adjacent.data 
lines, (for .the data line groups 3 - D, also the voltage 
betw^en. the electrode pair of a pair of display cells con? 
nectedtto the adjacent data lines,, respectively) also be- 
cotnes epual. In this case,, if the absolute values of po- 
tentials on the, adjacent data lines are equal, no charge 
flows to the grounding terminal so that the potentials on 
the adjacent data lines-can be made zero volt equally 
without wasting any electrical power. Thus, the electrical 
povyer consurned by driving the data tine can be reduced 
by 50%. . . • V.^; - . , . y . 

However, since each data line is applied with the 
data voltage with magnitude corresponding to the value 
of gradation to be displayed on each display cell, the 
potential on the data line when the transistor.is turned 
ori has a value corresponding to the magnitude of data 
vol|age previously applied, the . absolute -values of,po- 
tepjials pri the adjacent data lines are not necessarily 
equalv Jf the absolute values, of potentials on the adja- 
cent data lines, when the transistor is turned on, charges 
(current) not contributing change of the potential on. the 
data line (and, the voltage between the electrode pair of 
the display cell), althpugh it is very smalLflows from the 
grpurjding cooducton58 to the grounding terminal, 
or, therefore, although the reduction of power con- 
sumption is.slightly less than 50%, it is possible to make 
the;pot.entials on .the adjacent data lines (and, the volt- 
age betyyeen the .electrode pair of a pair of display cells 
connected to:the adjacent data lines, respectively) zero 
y^^tequally^consuming substantially no electrical power 
C<ieppsihg:^ubstantially.no accumul3ted charge) by 
more effectively utilizing the charges, accumulated on 
the:dat^ lines or between the electrode pair of the dis- 
play rc^lUhan in the -prior art so that the electrical power 
epnsumed by -driving the datarline can be significantly 
r0dyced.: ■ •... o., i v .; - • 
K'i iFurthermore.iiwhen.the data voltage is applied, be- 
CB}^SQ, the-potential on each.data line (and, the voltage 
betweien the electrode pair of each display cell connect- 
editp.the data:line groups B -,D) is zero volt, as in the 
flrQt:iothird:embodiments, the voltage between the elec- 
trode.rpair of.the;data cell applied with the data voltage 
reaehes/a value corresponding jto the data voltage be- 
fore .the data voltage application 'duration expires.^nd 
the tight transrnittance of the liquid crystal 18 of the dis- 
play, cell matches that of the .value of gradation to be 
displayed on the display ceJI. Thus, an image can be 
displayed at high quality even when the multiplex ratio 
is high and the duration of application of the data voltage 
is short for each display. cell. - ' * V 

.PjAlso, in the fourth embodiment, it is preferable that 
the gate voltage ls,.applied to the -gate line.at' the timing 
shown in Figure 3 (A) with imaginary lines so that the 
gate voltage has been applied to the gate line when the . 
transistor group 42A is turned on. Then, the charge ac- 
cumulated between the electrode pair of the display cell 
connected to the data line group A can be also effec- 
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tively utilized when the data voltage is applied next time. 
All transistors in the transistor groups 42A - 42D may be 
turned on at tJrte timing shown in Figure 3 (C) when the, 
transistor group 42A - 42D is turned on. In such cds'b, it 
is needless to say that the gate voltage is preferably ap- s 
plied'to the gate line as shown in' Figure- 3 (A) With Im-- 
aginhiy lines: * - • t _ . j-j.-..^:.' 

'In addition, when an image is display ed on the LCD 
10 by changing over the polarity of data vohage every 
one image frame as shown in Figure 4 (0), it Is sufficient io 
to turn on each transistor In the transistor groups'42A 
42D while thef gate voltage 1s being iapplied to the gate' 
line by advancjng the tinling to start ajsplication of the 
gate voltage to the gate line (sequentially turning on 
each transistor in the Transistor groups 42A '-'42DBt the is 
timing shown in Figure 2r{C), or tuming on all triansistors 
in the transistor groups 42A - 42D at the timing shbwn 
irf Figure 3 (C) when the trarisistor group 42A is turned 
on). Thus, the voltage betwe'eh the electrode pair of 
each display cell can be changed to zero volt, or a'value 20 
close to the data voltage being applied before the' data 
voltage is applied to each display ceirso that the power, 
consumption can be reduced, and an image can be dis- 
played at high quality even when the duration of appli- 
cation of the^ data voltage is short for each display cell. 2s 

Explianatlon of experiment results ' (« -"-^^'A 

Next, ! explanation is givefi the results ot-experi-' 
ments (simulations) conducted by the invento.^a;' Figure; so 
9 shows simulations on changes.df voltage between the 
electrode. pair in a case where the pVecharge voltage' is 
not applied (shown by broken Mines in Figure 9>,''and' 
where it is charged 1 .5 V or -1 .5 V (shown by solid lines 
in Figure 9) when +3 V and -3 V vvhich are-the maximum- 3S 
and minimum values as the^data voltagej respectively,' 
are alternately appliedtothe driving device 32 dascrit^ey' 
for the first embodiment. . - . ' ^ io?.' 

Figure 9 (B) is an enlarged ^view of the area'sur-^: 
rounded by the broken lines in Figure'9 (A). As cloarly 40 
seen from Figure 9 (B), in a case where the prechargihg 
is not performed, the voltage between the electrode pair 
increases even when the data voltage is completed for 
application; but ddes not 4'each ^the data voltage (43 V 
in this case) with a relatively steep Indination of the' in- 45 
crease of the voltage between the electrode pair.'The^ 
insufficient amount of the voltage between the electrode 
pair to the data voltage corresponds to the-difference of 
voltage between the electrode pair when the value- of 
gradation differs by "T" in this embodiment although de- " so 
pending on the number of gradations to be displayed on 
the LCD 10. Thus, it is' impossible to rhatch the light 
transmittance of the liquid crystal of the LCD 10 to that 
corresponding to the value-of-gradation represented-by^ 
the apjjlied data voltage. ; • - . . . . r ;: . ss 

On the other hand, in a case where the precharging 
is performed, asfshown by the'solid lines in Figure 9 (B), 
the voltagb between the electrode pair reaches the data 



voltage (+3 V) when the data voltage is completed for 
application, and the light transmittance of the liquid crys- 
tal of the LCD 10 becomes a value exactly correspond- 
ing to the value of gradation represented by the data 
voltage. Therefore, according to the present invention, 
it is'possib'tetorTiatch thie light trahsrhrftance of thelfquid 
crystal of the LCD iS td that' corresponding to the value 
of gradation to be displayed on each display cell so that * 
an image cari be clearly display ed on the LCD 10 at high 
quality. " • ' - ' 

For the third and fourth embodiments,- although de- 
scription is given by exemplifying a case where the data 
voltages with polarities different each other is applied to 
theodd-numberedahd even-riumbereddata line gfroups 
of ' the data line groups. A. B/ C. and D', the present in- 
ventbn is not limited to such arrangement. It Is needless 
to' say that thendata lines constituting- each data line 
group may be divided Into two groups," and data voltages 
with polarities different each other are applied to respec-*^ 
th/e groufis. However, as described for the fourth em- 
bodiment, in a case where the potential on the data line 
(and; the voKage between the electrode pair of display 
cell) is changed by electrically connecting data lines ap- 
plied' with the data voltages with different polarities, it is 
preferable to make the number of data lines constituting 
two groups the same number because the power con- 
sumption can be most reduced: ' ' , • ' 
•^i - jn addition, for the above embodiments, description 
is given on- an example where one end of the data line 
is connected to the multiplexer 36, and the other end is 
cohriebtedto the transistor 42. The present inventfon is 
not-limited to such arrangement.' It may be possible to 
connect one end of the data line to the multiplexer 38 
and the transistor 42. However, connecting one end of 
the data Uhe to the^multiplexer:38 and the other end: to 
the transistor 42' is preferable because each data line 
can be inspected for its open or short-circuiting by usirig 
the transistor 42 arid the multlptexer-38 in the inspection 
process for the produced LCD.- • 

Furthermore, for the above embodiments, descrtp-- 
tidn is given on an example where the gates of the tran- ' 
sistors 42 provide'd in correspondence to respective da- 
ta-lines are grouped into the transistor groups 42A, .42B, 
42C, and 42D,' and connected to the prechargie control- 
ler 44. However, when the potential is controlled at the 
same timing for each data liner it maybe possible to bun- • 
die and connect the gates-of all transftstors to the pre-': 
charge controller 44: --: - ^ o i*^ bh.^: • 

Furthermore, the potential on the data line and ttie • 
voltage betweeri the electrode pair of the display cell 
may be precharged-to a constant value corresponding- 
to the maximum or mininium vallie of the data voltage 
by applying a- constant voltage 'corresponding to the 
rnaximumor minirtium Value of the voltage betV^reen the ' 
electrode pair of the'tiisptay celt (for example, +2.5 V or' 
-2.5 V) to the' data line -*iA/htle the gate voltage is applied' 
to the gate line. Thus, the data line driver can change 
the voltage, between the electrode pair to a desired po-* 
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larity and.magnitude only by alvyays applying a.voltage 
v/ith'a constant pojarlty . to the data ilne^to change the 
voltage between the electrode pair to a fixed direction 
(for example, changing the voltage between the "elec- 
trode pair toward the nriinimurn value when tjie voltage 
between the electrode pair Is precharged.tp the rnaxi- 
mum value, or changing the yoltage laetween the elec- 
trode pair toward the maximum value when the voltage 
between the electrode pair is precharged to the mini- 
mum value) so that it becomes possible to .simplify the 
arrangement of the data line driver. 

Recently, it has been attempted to directly incorpo- 
rate the driving circuit on the panel of LCD. It is a bot- 
tleneck that a CMOS structure is relatively difficult to be 
constructed on the panel of LCD. Contrary to this, when 
the simplified data line driver as described above is em- 
ployed, it is possible to streamline the production proc- 
ess, and to attain improvement of yield in the m3nufacr 
turing stage due to reduction jc^ the number of compo- 
nents constituting the driving circuit so that direct, as- 
sembly of the driving circuit, on the LCD. panel can be 
facilitated. , • ^ . . : 

In addition, while the above description is given by 
exemplifying a reflective type LCD 10, the present in- 
vention is not limited to it, and may be used for a transr ; 
mission type, LCD. In the transmission type LCP, how- 
ever, because it Is imppssible to use crystal silicon with 
very low light transmittance as in the reflective type LCD 
10 as the substrate material for forming switching ele- 
ments such as TFT, a substrate consisting , of amor- 
phous silicon or polysilicoa is. used,. However, it is not 
easy to fomn logic circujts such as the multiplexer on. 
such substrate of amorphous silicon or polysilicon when 
compared with the formation on the crystal silicon sub- 
strate. Therefore, if it. is assumed to perform multiplex; 
driving, It, is desirable to apply the. present Invention to 
driving of a reflective.type.LCD, . , . : = . 

Furthermore,- although the description Is. 9lven by 
exemplifying the embodiments perfomiing multiplex 
driving, the present invention is not limited to it, but may 
be applied to. a conventjonal. driving* system where the-v 
data voltage is applie'dto all data line at the sajme timing. 
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A driving device for driving a liquid crystal display 
(10) in which a number of data lines (di ..dn) and a 
number of gate lines (G1..Gm) are arranged to in- 
tersect with each other, and respective display cells 
(18) are positipned at the intersections of the data 
and gate lines, the display cell consisting of a 
switching element (24) connected to a data line and 
a gate line, a pair of electrodes (22, 20) oppositely 
positioned with a predetermined spacing, and liquid 
crystal (18) disposed between said pair of elec- 
trodes, said driving device comprising: 
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. gate line driying means (34) connected to a 
number of said, gate lines, and ior applying a 
voltage to said gate lines to turn on for a pre- 
..^-.^ -determined duration. said switching element of 
^.said/display cell connected to said gate line. 

data , line -driving means (40) connected to a 
. nurnber of said data lines, and for applying a 
...data voltage to said data lines for said p.rede- 
,. Jermined duration to change the voltage. be- 
tween the electrode pair of said display cell 
connected to said gate line to which the voltage 
Is applied by said gate line driving means. to a 
predetermined voltage, and y , 

potential control means (42A, 42B, 42C, 42D, 
, . 'r c ^> 36) for controlling potential on a number 
of said data lines so that, before the data volt- 
age is applied to said data line by said data line 
^ .V. rv driving means, tfie potential on said data line is 
t. close. to the data, voltage being applied. 

2. A driving device for driving a liquid crystal display 
. , : 0.0) as claimed in Claim 1 . wherein a number of said 
. data lines (dL^dn) consist of a .plurality of data line 
groups (A, B, C, D), and the data line driving means 
vr(40) sequentially applies a data voltage. to the data 
.r JIne in each data line group-iri the predetermined 
. .-duration. , ; - . • - - . . • 

3., ; A driving .device for driving a liquid crystal display 
5- (10) as claimed In Claim 1 or 2, wherein said poten- 
i rti^l.contrcf means controls the potential on the data 
.j jine (dlv.dn) so that the potential on said data line 
■ >: becomes a value sufficient for the voltage between 
.^rthe electrode pair (22. 20)'Of said display cell (18) 
:tp change to, the predetermined voltage while the 
data line driving means. (40) applies the data volt- 
,r age to the data line; . r . . . 

4. driving device for driving a liquid-crystal display 
(10) as claimed in Claim 3. wherein said potential 
control means controls the potential on said data 

P,;line (d1 t.dn) so that the potential on said data line 
becomes the ayerage value of the data voltage ap- 
, plied by said data line driving means (40) or the min- 
imum absolute value of said data.voltage. ^ 

5. A drrving device foe driving a liquid crystal, display 
, ^10) as claimed in any one of Claims 1 .- 3, wherein 

said data line driving means (40) applies to parts of 
data lines (d1..dn) a voltage with a polarity different 
- from that to the remaining ^data? lines, and said po- 
tential control means controls the potential on said 
data lines by electrically connecting the data lines 
applied with voltages with different polarities as the 
data voltage. 
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A driving device for driving a liquid crystal display 
(10) as claimed in any one of Claims 1 - 5, wherein 
said potential control means, controls each of a , 
•number of said data lines (d1..dn) during the ti^^* ^ ^ ' 
from when said data line driving means (40) applies 5 • 
the data voltage to'sa'fd data lirie preVibtfs'time to 
^3when it applPes the data Vdltige nextfeie'. 



7. A driving device for drivlng 'a liquid crystal display 
(lO)'as claimed in Claim 6, wherein said j3otential io' 
control means controls the potential on said data 
line (dl .ldn)'during the timd when a voltage is being 
applied to this gate fine connected 1o a iisplay cell 
(18) in which the voltage betweeri the e'ledtrOde pair 
As changed by the data voltage applied iB the data is 

• line next time. * ' . o -; • 

8;^ '- A driving device for driving' a liquid crystal display 
(10) as claimed in any one of Claims t '--?, wherein 
said potential control means comprises: 20 

potential changing meanis (46) for changing the 
: potential on said data line. ' • ' '■■ - * 

a'nurnber of switchtrtg means (42A, '42B. 42C, 2S ■ 
42D);provided betweensaid potent^aiehanging 
means and a number of said data lines, and 

i ON/OFF coritrolmefeuii^ (44) f6r<:bnfrollih^turn- 
. ing on/off of a humbferdfssaid switching'n^eahs. so - 

. i". . : li.:-- •-!-..."..• . cqo/':: 

9.- A driving method for driving a liquid' crystal -display 
.. (10) in which -a number^of data lines *(d1 ..dn) arid a 
number of gate lines (G1..Gm) are arranged to in- 
tersect with each other, and respective display cells s^*" 
'; .(18)'are positioned at the intersections iOf the data 
and gate lines, the' display ceir con'sisting^ of a 
/ switching element (24) connected to a datfa line and 
' ' a =gate line, a pair cf electrodes oppositely •p'cisi- 
.-^tfoned with a predetermined spacing, and^n^j'iiild 40^'" 
crystal disposed between. ^said'Jpaif of ^l^ctrddes 
(22, 20). said driving methods-comprising steps df: 
.. • ^ ;r 

applying a voltage to said' gate 'lihes'jto'furft-bn 
for a predeternilned duration said switching el- 45' 
ement of said display cell corinected td^said -'' 
gate line; ■ • ^-f O* ) 

- applying a data voltage to said data li'ne within 
' said predetermined dui-ation to 'change a volt- so * 
age between the electrode pair of said diisplay 
cell to a predetermined voltage- -and - ** 

. - controlling the potential oh said data line' sVas 
to close to the data voltage being applied -prbr ss • 

• • to said data voltage application^step,' 



time from when the data voltage is applied to 
when the voltage between the electrode pair of 
^ said display cell reaches said predetermined 
" voltage. * ' 

1 b>'|A'dri\i^n^ methodjor dnying a liquid c^ 
' ' /:(iO) as'claim^^^ 

dita line's ''(dl ,.dri) consist of a plurality' of data line 
group's^A, B, (i. D), and said data yoftage/ap^^^^ 
■tiori sfep sequentially appl'fes the data voltage to the 
data lin^' group withiri said p'rediatermined duration 
for each date lih'e grciup. - ' * ' 

1 1. A driving method for driving a liquid crystal display ' 
(10) as claimed in Claim 9 or 10; wherein kaid con; 
trol step controls the pdtehtiarbn said data line (dl 

" ' dn) so that the pptehflial on said data line becomes 
a value sufficient fiif the Voltage between the'elec-', 
" trode pair (22, 20)~9f a display cell to chanige to the ' 

' - predetermined voltage while the data voltage' is ap- 
plred'at the data voftage applicatlbn step. 

12. ' A drrvihg%eth6df fdr driving a liquid crystal display 

(10) 'a's claTiYied in Ctalm *11; wHerein said control 

■ "step'controls the' potential on saib data line (dl ..dn) 

- ^sb that the potential on said data line becomes the ' 
average value of said data voltage or the mihimurh ' 
•'^absolute value of the data voltege. ' ' ' 

13;"A driving method for driving a liquid crystai'display 
' (-1 0) as'claimed in any one of Claims 9 '-^ 11 , wh'erein ' 

■ said data voltage application step applies to parts 

' of data lines a voltage with polarity different from* 
" /that on the -remaining data lines, and *~ 

' ' • said control step controls the potential'on said 
' daia'line by electrrcally connecting said data-liiies 
•' applied with' vohages with polarities different each 

other as the dktia voltege." - ^ • 

14V A^Briving -method for driving a liquid crystal display *' 

* • (10) ais ctainledin any brilB'bf Claims 9 -13, wherein 
said control step is performed during the time from ' 

y 'the applicatiori'Of date 'voltage' to'the data line (dl .. 
dn) previous time to the ne5ct application. • ' * • ' 

15r A drivirig method'^fbr'drWing'^a'l^ display' 
^:'(10)'as d^rm&d'ih Cfelm- t4,'*i\>herefh said control'; 
step is performed white a voltage is being applied 
to the gate line (G1..Gm) of a display cell (18) in 
which the voltage between the electrode pair iis * 
changed by the date voltage applied to said data 

• line riextlimei r 



whereby said control step allows to shorten the 
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